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KDQGOHGGHPDQGPXVWQRWH[FHHGLWVFDSDFLW\0RUHRYHUIRUHDFKUHTXHVWWKHRULJLQPXVWSUHFHGHWKHGHVWLQDWLRQSUHFHGHQFH
FRQVWUDLQWV,QWKH62693'3ZLWK7LPH:LQGRZV62693'37:HDFKUHTXHVWVSHFLILHVDOVRDWLPHZLQGRZ7KHUHIRUH
WKH YHKLFOH KDV WR VHUYH WKH FXVWRPHU ZLWKLQ WKH WLPH ZLQGRZ WLPH ZLQGRZ FRQVWUDLQW 7KH 6LQJOH 2EMHFWLYH 0XOWLSOH
9HKLFOH3'37: 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 LV DQ H[WHQVLRQ RI 62693'37: ZKHUH FXVWRPHUV DUH VHUYHG E\ D IOHHW 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KRPRJHQHRXV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EHORQJWRWKHVDPHURXWHSDLULQJFRQVWUDLQWV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PHWKRGRORJLFDO SRLQW RI YLHZ ,Q IDFW WKH02093'37: LV ILUVWO\PRGHOHG  ZLWK WKH DLP RI RSWLPL]LQJ WKH QXPEHU RI
YHKLFOHVWKHWRWDOWUDYHOFRVWDQGWKHORQJHVWWUDYHOFRVWVLPXOWDQHRXVO\WKHQDWZRVWHSVROXWLRQDSSURDFKLVSURSRVHG,Q
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PDNHVSDQ GHQRWHG E\ Ȍ DQG WKH QXPEHU RI XVHG YHKLFOHV ȝ DUH VLPXOWDQHRXVO\ RSWLPL]HG 7KH WUDQVSRUW
QHWZRUNLVPRGHOHGE\DGLUHFWHGJUDSK* 9$!ZKHUH9 ^QQ«QQ`LVWKHYHUWH[VHWDQG
$ LV WKHDUFVHW%RWKDQGQ UHSUHVHQWWKHGHSRW7KHVXEVHW39RIYHUWLFHVFRQVLVWVRIWKHSLFNXSSRLQWV
ZKHUHDV'9VXFKWKDW3' FRQWDLQVWKHGHOLYHU\SRLQWV)RUHDFKS3TS!UHSUHVHQWVLWVGHPDQGDQG
>DSES@ WKH FRUUHVSRQGLQJ WLPH ZLQGRZ IRU HDFK G' TG GHQRWHV LWV GHPDQG DQG >DGEG@ WKH UHODWHG WLPH
ZLQGRZ ,W LV DOVRDVVXPHG WKDW _3_ _'_ DQG WKXV WRHDFKS3 DG' LV DVVRFLDWHG VXFK WKDWTS _TG_ LH WKH
FXVWRPHUVKDYHWREHSLFNHGXSDWSDQGGHOLYHUHGDWG$PRQJDOOWKHDUFV $ML  RQO\WKRVHVDWLVI\LQJWKH
IROORZLQJFRQGLWLRQDUHLQFOXGHGLQWKHQHWZRUNWLVLWLMEMZKHUHWLMGHQRWHVWKHWLPHGLVWDQFHEHWZHHQLDQGM
 9M9L   ZKHUHDVVL UHSUHVHQWV WKHVHUYLFH WLPH 9L )LQDOO\ 3S GHYSGHQRWHV LWVGHOLYHU\SRLQW
ZKHUHDV 'G   SLFNG UHSUHVHQWV LWV SLFNXS SRLQW ,Q WKLV SDSHU DQ DSSUR[LPDWLRQ RI WKH(IILFLHQW3DUHWR
)URQWVLVGHWHUPLQHGDSSO\LQJWKHɽFRQVWUDLQWPHWKRG&KDQNRQJDQG+DLPHVZKRVHPDLQLGHDLVWRVROYH
D VHTXHQFHRIFRQVWUDLQHG VLQJOHREMHFWLYHSUREOHPV7KLV FKRLFH LVPRWLYDWHGE\ WKH IDFW WKDW WKLVPHWKRGKDV
EHHQVXFFHVVIXOO\DSSOLHGWRDYDULHW\RI953VZHFLWHIRUH[DPSOHWKHUHFHQWSDSHURI*UDQGLQHWWL*XHUULHUR
/DJDQj 	 3LVDFDQH  7KH PDLQ FRQWULEXWLRQV RI WKLV ZRUN FRQVLVW  LQ SURSRVLQJ D VLQJOHREMHFWLYH
IRUPXODWLRQ 0 RI 3'37: ZLWK WKH DLP RI PLQLPL]LQJ D ZHLJKWHG VXP WKDW SURSHUO\ FRPELQHV ȝ DQG F
H[WHQGLQJ0 WR D PXOWLREMHFWLYH IRUPXODWLRQ 0 ZLWK WKH DLP RI PLQLPL]LQJ ȝ F DQGȌ VLPXOWDQHRXVO\
IRUPXODWLQJ D 0L[HG ,QWHJHU /LQHDU 3URJUDPPLQJ 0,/3 PRGHO 0 IRU02093'37: EDVHG RQ ELQDU\
URXWHYDULDEOHVDQGRQWKHFRQWLQXRXVYDULDEOHȌVWDUWLQJIURP0DQGILQDOO\GHWHUPLQLQJDQDSSUR[LPDWLRQRI
WKHHIILFLHQWVROXWLRQVHWE\DSSO\LQJDQɽFRQVWUDLQWPHWKRGWR0WKDW LVIRUPXODWHGFRQVLGHULQJȝDVDQLQSXW
SDUDPHWHU,QGHHGWKHSURSRVHGDSSURDFKVWDUWVZLWKWKHPD[LPXPDYDLODEOHQXPEHURIYHKLFOHV PP   P DQG
LW LWHUDWLYHO\ GHFUHDVHV ȝ XQWLO WKH SUREOHP EHFRPHV LQIHDVLEOH 7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV

















0 'LVWDQFHPDWUL[  u QQ50 VXFKWKDW LMP LVWKHGLVWDQFHEHWZHHQWKHYHUWLFHVLDQGM
& FRVWPDWUL[  u QQ5& VXFKWKDW LMF LVWKHWUDYHOFRVWEHWZHHQWKHYHUWLFHVLDQGM
6 VHUYLFHWLPHPDWUL[  u Q56 VXFKWKDW LV LVWKHVHUYLFHWLPHUHTXLUHGE\WKHYHUWH[L
4  GHPDQGPDWUL[  u Q54 VXFKWKDW LT LVWKHGHPDQGRIWKHYHUWH[L
7 WLPHGLVWDQFHPDWUL[  u QQ57 VXFKWKDW LMW LVWKHWLPHGLVWDQFHEHWZHHQWKHYHUWLFHVLDQGM
= ELQDU\PDWUL[ ____ :u 35= VXFKWKDW ZL] LVHTXDOWRLIWKHSLFNXSSRLQWLLVVHUYHGLQWKHURXWHȦ
287387'$7$
; DVVLJQPHQWVPDWUL[ PQQ5; uu  VXFKWKDW NLM[ LVHTXDOWRLIYHKLFOHNXVHVWKHDUFLM
Ȍ PDNHVSDQ
3  URXWHVPDWUL[ __ u:3 5 VXFKWKDW ZS LVHTXDOWRLIWKHIHDVLEOHURXWH :Z LVVHOHFWHG
Ș QXPEHURIQRQGRPLQDWHGVROXWLRQV
5HODWHGZRUNV
,Q WKH WUDGLWLRQDO953 VHH 7RWK	9LJR  D IOHHW RI YHKLFOHV EDVHG DW WKH GHSRW KDQGOHV FXVWRPHU
GHPDQGV NQRZQ LQ DGYDQFH 7KH YHKLFOHV KDYH WR EH URXWHG LQ VXFK D ZD\ WKDW DOO WKH FXVWRPHUV DUH YLVLWHG
H[FDWO\RQFHHDFKURXWHVWDUWVHQGVDWWRWKHGHSRWDQGWKHWRWDOVHUYHGGHPDQGGRHVQRWH[FHHGYHKLFOHFDSDFLW\
FDSDFLW\ FRQVWUDLQWV $ ODUJH QXPEHU RI VFLHQWLILF FRQWULEXWLRQV KDYH DGGUHVVHG WKLV SUREOHP IURP ERWK D
PRGHOLQJ DQG PHWKRGRORJLFDO SRLQW RI YLHZ $UDTXH .XGYD 0RULQ DQG 3HNQ\  KDYH SURSRVHG D
%UDQFK	&XW DOJRULWKP IRU WKH LGHQWLFDO FXVWRPHU 953 WUDQVIRUPLQJ LW LQWR DQ HTXLYDOHQW 3DWK3DUWLWLRQLQJ
3UREOHP %UDPHO DQG 6LPFKL/HYL  KDYH GHVLJQHG VHWSDUWLWLRQLQJ EDVHG VROXWLRQ DSSURDFKHV IRU WKH
FDSDFLWDWHG953&953%DOGDFFL+DGMLFRQVWDQWLQRXDQG0LQJR]]LKDYHLQWURGXFHGDQ,3IRUPXODWLRQ
RI&953DQG5RSNHKDVGHVFULEHGERWKKHXULVWLFDQGH[DFWVROXWLRQDSSURDFKHVIRUWKH953DQGIRULWV
YDULDQWV HJ953 ZLWK 7LPH :LQGRZ 9537: 3LFNXS DQG 'HOLYHU\ 3UREOHP 3'3 DQG 3'3ZLWK 7LPH
:LQGRZ 3'37: ,Q WKH9537: WRJHWKHUZLWK WKHGHPDQGHDFKFXVWRPHUDOVRVSHFLILHVD WLPHZLQGRZ IRU
WKHVHUYLFH,WPHDQVWKDW WKHYHKLFOHFDQQRWVHUYHLWEHIRUHWKHEHJLQQLQJDQGDIWHU WKHHQGRIWKH WLPHZLQGRZ
LHKDUG WLPHZLQGRZFRQVWUDLQWV ,QRWKHUYDULDQWV LWFRXOGEHDOORZHGYLRODWLQJ WKHVHERXQGVE\ LPSRVLQJ
VRIWWLPHZLQGRZFRQVWUDLQWV/\VJDDUGKDVUHFHQWO\LQWURGXFHGDVHWRIUHDFKDELOLW\FXWVIRUWKH9537:
WKDW DUH FORVHO\ UHODWHG WR WKH RQHV GHULYHG IURP WKH SUHFHGHQFH FRQVWUDLQWV LQ WKH $V\PPHWULF 7UDYHOLQJ
6DOHVPDQ3UREOHPZLWK7LPH:LQGRZV ,Q WKH3'3 HDFK UHTXHVW LV DVVRFLDWHG WR D SLFNXS DQG WR D GHOLYHU\
SRLQWWKHIRUPHULVWKHORFDWLRQDWZKLFKDFHUWDLQGHPDQGKDVWREHSLFNHGXSZKHUHDVWKHODWWHULVWKHSRLQWDW
ZKLFK WKH VDPHGHPDQGKDV WREHGHOLYHUHG(DFKSLFNXSSRLQWKDV WREHYLVLWHGDOZD\VEHIRUHRI LWVGHOLYHU\
SRLQW SUHFHGHQFH FRQVWUDLQW DQG ERWK RI WKHP KDYH WR EHORQJ WR WKH VDPH URXWH SD\ULQJ FRQVWUDLQW 7KH
SUREOHP LV DOVR NQRZQ LQ OLWHUDWXUH DV'LDO DQG 5LGH 3UREOHP '$53 DQG LW KDV EHHQ H[WHQVLYHO\ DQDO\]HG
&RUGHDX  KDV SURSRVHG D PL[HG,3 IRUPXODWLRQ WRJHWKHU ZLWK D %UDQFK	&XW DOJRULWKP ,Q WKH VLQJOH
YHKLFOH3'3 RQO\ RQH YHKLFOH KDV WR VDWLVI\ WKHZKROH GHPDQG+RZHYHU DPRUH JHQHUDO YHUVLRQ FRQVLVWV LQ
XVLQJPRUHWKDQRQHYHKLFOHDQGLWLVGHQRWHGDVWKH0XOWLSOH9HKLFOHV3'3093'3/XDQG'HVVRXN\
KDYHDGGUHVVHG WKH093'3 IRUPLQLPL]LQJFE\ IL[LQJ WKHYHKLFOHFRVW7KH\KDYHDOVRGHYHORSHGDVROXWLRQ
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DSSURDFK ZLWKRXW WLJKW FRQVWUDLQWV PRGHOLQJ LW DV D  ,3 SUREOHP DQG D%UDQFK	&XW DOJRULWKP $ IXUWKHU
JHQHUDOL]DWLRQRI WKH3'3 LV WKH3'3ZLWK7LPH:LQGRZV 3'37: LQZKLFK WRJHWKHUZLWK WKHGHPDQG WKH





JHQHUDWLRQ WR WKH /3 UHOD[DWLRQ RI D VHW SDUWLWLRQLQJ IRUPXODWLRQ ,QVWHDG/L DQG/LP  KDYH GHVLJQHG D




SDSHUD0XOWLREMHFWLYH093'37: 02093'37: LVDGGUHVVHGIRUPLQLPL]LQJFȌDQGȝ$W WKHEHVWRI








,Q WKLV6HFWLRQ02093'37: LVPDWKHPDWLFDOO\PRGHOHG LQRUGHU WRPLQLPL]HFȌ DQGȝ ,QSDUWLFXODU
6HFWLRQ  SUHVHQWV DPDWKHPDWLFDO IRUPXODWLRQ IRU62093'37: 0ZKHUHDV 6HFWLRQ  H[WHQGV0 WR
02093'37:0
$PDWKHPDWLFDOPRGHOIRUWKH62093'37:
62093'37: LVPDWKHPDWLFDOO\ IRUPXODWHGDVD0,/3 LQWURGXFLQJWKHIROORZLQJGHFLVLRQYDULDEOHV NLM[ D
ELQDU\YDULDEOH HTXDO WR  LI WKH DUF LM EHORQJV WR WKH URXWHN LH  WKHYHKLFOHN XVHV LW  RWKHUZLVH NL% D
FRQWLQXRXV YDULDEOH WKDW UHSUHVHQWV WKH WLPH DW ZKLFK WKH YHKLFOH N VWDUWV VHUYLQJ WKH YHUWH[ L NL4 DQ LQWHJHU
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RQO\ RQH DUF OHDYHV WKH GHSRW DQG RQO\ RQH DUF HQWHUV LW UHVSHFWLYHO\ 7KH FRQVWUDLQWV  DQG  OLQN WKH [
YDULDEOHVWRWKH\YDULDEOHVLIDWOHDVWRQHDUFLMWUDYHUVHGE\WKHYHKLFOHNH[LVWVWKHQNKDVWREHFRQVLGHUHG
XVHG   N\  RQ WKH RWKHU KDQG LI N GRHV QRW WUDYHUVH WKH DUF LM WKHQ WKH FRUUHVSRQGLQJ [YDULDEOH LV 
0RUHRYHU : LV D ODUJH QRQQHJDWLYH VFDODU 7KH FRQVWUDLQWV  DUH WKH IORZ FRQVHUYDWLRQ FRQVWUDLQWV
_ zz QLL9L DQGWKH\LPSRVHWKDW .NQLL9L zz   WKHQXPEHURILQJRLQJDUFV
KDVWREHHTXDO WRWKHQXPEHURIRXWJRLQJDUFV7KHFRQVWUDLQWVHQVXUHWKDWHDFKYHUWH[LQDURXWHKDVWREH
VHUYHG DIWHU LWV SUHGHFHVVRU 7KH FRQVWUDLQWV  SURSHUO\ XSGDWH WKH UHPDLQLQJ FDSDFLW\ RI D YHKLFOH EHIRUH
OHDYLQJDYHUWH[ZKHUHDVWKHFRQVWUDLQWVLPSRVHWKHSUHFHGHQFHFRQVWUDLQWV7KHFRQVWUDLQWVDVVXUHWKDW
WKH ORZHUERXQGVRQ HDFK WLPHZLQGRZDUH VDWLVILHG ,QRUGHU WR FRQVLGHU WKH VDPH IUDPHZRUNRI/L DQG/LP
 D WKUHVKROGL LV LQWURGXFHG IRU UHSUHVHQWLQJ WKH IOH[LELOLW\GHJUHHRI WKHYHUWH[ L7KHFRQVWUDLQWV 
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DSSUR[LPDWHG E\ GHILQLQJ WKH IROORZLQJ RSWLPL]DWLRQ PRGHO EDVHG RQ ELQDU\ URXWHV YDULDEOHV LQ ZKLFK ȍ









ZKHUH   DQG  PLQLPL]H WKH WRWDO WUDYHO FRVW WKH PDNHVSDQ DQG WKH QXPEHU RI XVHG YHKLFOHV
UHVSHFWLYHO\WKHFRQVWUDLQWVLPSRVHWKDWHDFKSLFNXSLVVHUYHGE\RQHDQGRQO\RQHYHKLFOH7KHUHIRUHIRUD
JLYHQLQVWDQFH*WKHDSSUR[LPDWHFRQVWUDLQWEDVHGDSSURDFKVHH*UDQGLQHWWLHWDOIRUH[DPSOHILUVWO\
GHWHUPLQHV YDOLG ORZHU DQG XSSHU ERXQGV RQ ȝ F DQGȌ 7KHQ LW SURSHUO\ SRSXODWHVȍ ZLWK IHDVLEOH URXWHV
JHQHUDWHGE\76$$)LQDOO\LWVHOHFWVIURPȍDVHWRIURXWHVE\VROYLQJVLQJOHREMHFWLYHSUREOHPV6HFWLRQ
SURSHUO\GHULYHGIURP²7KHORZHUERXQGRQȝP LVVHWHTXDOWRWKHRQHRIWKHEHVWVROXWLRQREWDLQHG





,Q WKH SURSRVHG DSSUR[LPDWHFRQVWUDLQW DSSURDFK ȝ FRPHV LQWR SOD\ DV D SDUDPHWHU LH IL[HG DW HDFK
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RUGHU WRDQDO\]H WKHLUHIIHFWVRQ WKHSHUIRUPDQFHV$FFRUGLQJ WR WKHREWDLQHGUHVXOWVZHFDQFRQFOXGH WKDW WKH
PRGHO LV PRUH VHQVLEOH WR L 7KHQ D VHW RI LQVWDQFHV DYDLODEOH DW
KWWSZZZVLQWHIQR3URMHFWZHE7233'37:/L/LPEHQFKPDUN KDV EHHQ WDNHQ LQWR FRQVLGHUDWLRQ/5
/5/5/5/5/5 DQG/5& $OO WKHVH LQVWDQFHV SUHVHQW D IOHHW RI  YHKLFOHV ZKRVH
FDSDFLW\ LV HTXDO WR0RUHRYHU WKHYDOXHRI _1_ LV VSHFLILHG LQ7DEOH IRUHDFK LQVWDQFHDQG WKHGLVWDQFH
EHWZHHQWZRQRGHVLVFRPSXWHGE\XVLQJWKH(XFOLGHDQPHWULF,QWKHVDPHWDEOHWKHQXPEHURIIHDVLEOHURXWHV
JHQHUDWHG IRU HDFK LQVWDQFH LV DOVR JLYHQ 6LQFH DW WKH EHVW RI RXU NQRZOHGJH02093'37: KDV QRW EHHQ
SUHYLRXVO\DQDO\]HGLQWKHOLWHUDWXUHZLWKUHIHUHQFHWRRXUREMHFWLYHV WKH(IILFLHQW3DUHWR)URQWVDUHXQNQRZQ






ZKHUHGI DQGGO DUH WKH(XFOLGHDQ GLVWDQFHVEHWZHHQ WKH H[WUHPH VROXWLRQV DQG WKHERXQGDU\ VROXWLRQVRI6RO
G LV LQVWHDG WKH DYHUDJH RI DOO GLVWDQFHV GL L Ș 7KH VPDOOHU LWV YDOXH WKH EHWWHU WKH GLYHUVLW\ RI WKH
HIILFLHQWVHW'HQRWLQJE\(DQG( WKHH[WUHPHSRLQWVRIHDFKHIILFLHQWVHWFKDUDFWHUL]HGE\ȝȌDQGF WKH
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GHWHFWHG D VLJQLILFDQW YDOXHRIȘ HTXDO WR  RQ DYHUDJHZLWK D YHU\ ORZ6SUHDG HTXDO WR  RQ DYHUDJH
6RPHDSSUR[LPDWHG(IILFLHQW3DUHWR)URQWVDUHSORWWHGLQWKHILJXUHVRI$SSHQGL[$
7DEOH&RPSXWDWLRQDOUHVXOWV
3UREOHP _1_  (   (  Ș _ȍ_ 6SUHDG
  ȝ Ȍ F ȝ Ȍ F   
/5          
/5          
/5          
/5          
/5          
/5          
/5&          

&RQFOXVLRQVDQGIXWXUHZRUNV
7KLV SDSHU SUHVHQWHG DQ DSSUR[LPDWH FRQVWUDLQW DSSURDFK IRU 02093'37: 7KH FRPSXWDWLRQDO
H[SHULPHQWVFRQGXFWHGRQVRPHLQVWDQFHVWDNHQIURPWKHOLWHUDWXUHFOHDUO\KLJKOLJKWHGWKDWLWGHWHFWVJRRGTXDOLW\
DSSUR[LPDWHG(IILFLHQW3DUHWR)URQWVLQWHUPVRIȘDQGWKH6SUHDG+RZHYHUVLQFHWKHTXDOLW\RIWKHIHDVLEOH
VROXWLRQV RI ȍ VWURQJO\ DIIHFWV WKH DOJRULWKP SHUIRUPDQFHV LW ZLOO EH VLJQLILFDQW WR GLYHUVLI\ ȍ GHVLJQLQJ
KHXULVWLF DSSURDFKHV DOWHUQDWLYHO\ WR766$ ,Q DGGLWLRQ WKH H[SHULPHQWDO FDPSDLJQZLOO EH H[WHQGHG WRRWKHU
LQVWDQFHVGHVFULEHGLQOLWHUDWXUH7KHVHWRSLFVDUHWKHVXEMHFWRIRQJRLQJUHVHDUFK
5HIHUHQFHV




%HUXEH -)*HQGUHDX 0 	 3RWYLQ -<  $Q H[DFWFRQVWUDLQW PHWKRG IRU ELREMHFWLYH FRPELQDWRULDO RSWLPL]DWLRQ SUREOHPV
DSSOLFDWLRQWRWKHWUDYHOOLQJVDOHVPDQSUREOHPZLWKSURILWV(XURSHDQ-RXUQDORI2SHUDWLRQDO5HVHDUFK±
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5RSNH6&RUGHDX-)	/DSRUWH*0RGHOVDQGEUDQFKDQGFXWDOJRULWKPVIRUSLFNXSDQGGHOLYHU\SUREOHPVZLWKWLPHZLQGRZV
1HWZRUNV
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